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ABSTRACT 



Context. V838 Mon erupted at the beginning of 2002 becoming an extremely luminous star with L= 10* Lq . The outburst was followed 
by the most spectacular light echo that revealed that the star is immersed in a diffuse and dusty medium, plausibly interstellar in nature. 
Low angular resolution observations of the star and its closest vicinity in the lowest CO rotational transitions revealed a molecular 
emission from the direction of V838 Mon. The origin of this CO emission has not been established. 

Aims. The main aim of this paper is to better constrain the nature of the CO emission. In particular, we investigate the idea that the 
molecular emission originates in the material responsible for the optical light echo. 

Methods. We performed observations of 13 positions within the light echo in the two lowest rotational transitions of '^CO using the 
TRAM 30 m telescope. 

Results. Emission in CO 7 = 1-0 and J = 2-1 was detected in three positions. In three other positions only weak 7 = 1-0 lines were 
found. The lines appear at two different velocities Vlsr =53.3 km s"' and Vlsr = 48.5 km s"' , and both components are very narrow 
withFWHMa; 1 kms'. 

Conclusions. The molecular emission from the direction of V838 Mon is extended and has a very complex distribution. We identify 
the emission as arising from diffuse interstellar clouds. A rough estimate of the mass of the molecular matter in those regions gives a 
few tens of solar masses. The radial velocity of the emission at 53.3 km s"' suggest that the CO-bearing gas and the echoing dust are 
collocated in the same interstellar cloud. 
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1. Introduction 

V838 Mon is a star that brightened significantly at the beginning 
of 2002 becoming a very luminous object with a luminosity of 
\ 10^ Lq. The outburst lasted for ~3 months and was character- 
■ ized by a rather complex light curve with three distinct maxima 
seen in the optical. Several broad P-Cygni profiles observed dur- 
ing the brightening imply that the event was accompanied by an 
outflow with terminal velocities of several hundred km s ' (e.g. 
' [kipper et al.l 12004) . The end of the eruption was characterized 
by a very steep decline with a total drop in brightness in the V 
band of about 8 mag within one month. Unlike novae, the object 
evolved from a hot stage with an F-type spectrum to progres- 
sively lower and lower temperat ures and eventually it turned into 
a supergiant cooler than MIO (lEvans et al ] 12001 . Named the 
first L supergiant, the star has exhibited an extra ordinary molec- 
ular spectrum studied e xtensively in optic al (e.g. lPavlenko et aU 
I2OO6 ) and infrared (e.g. lLynch etani2004 . Even five years after 
the eruption, the object continues to evolve - after four years of a 
relatively constant photometric brightness, an eclip se-like event 
has be en observed in the B and V light curves (iMunari et al.l 
l2007ah . Detailed descriptions of the spectral a nd photomet- 
ric be h avior of V838 Mo n can b e found in: Munari et al.' 
(I2OO2I) . iKimeswenger et al.l (|2002|) . IWisniewski et al., (,2003,) . 
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ICra use et al.l (I2003L l2005h . iKipper et al.l (l2004 . and iTylendal 

Although there is great interest in V838 Mon among astro- 
physicists and many efforts have been made to gain a deeper 
understanding of the object, its nature remains unclear A wide 
range of mechanisms have been proposed to explain the outburst 
including ( i) thermonuclear models: a nov a -like (.Munari et al. 
2002) or a He-shell flash dLawloij 120051; iMunari & Henden 
2005), and (ii) merging events: a stellar merger of stars with 
masses of 8 Mq and 0.3 Mq (Soker & Tvlenda 2003, 20 0l, and 
a giant swallowing planets ( Retter & Maromll2003l; IRetter et al.l 
2OO61). It seems that the most promising is the stellar rn erger sce- 
nario (iTvlenda & Sokeiil2006t ISoker & Tvlendall2007h . 

Sin ce February 2002 a l ight echo of V838 Mon has been ob- 
served (iHenden et al.l2002l) . Its spectacular evolution, especially 
well documente d by the series of t he Hubble S pace Telescope 
(HST) images (Bond eiaLl 120031: iBondl l2007t) . revealed that 
V838 Mon is immersed in a diffuse and dusty medium with a 
very complex spatial distribution. There is no agreement about 
the origin of this matter. An analysis of the light echo images 
performed by ITylendal (l2004l) shows that the dusty region has a 
rather complex distribution and, most probably, is of interstel- 
lar origin (see also Crause et al. 2005; Tylenda et al. 2005). On 
the other hand, there are suggestions that the m atter might have 
been ejected by the object itself in the past tBond et al.l 120031; 
Bond 2007). 

A light echo analogue was discovered in the infrared with the 
Spitzer Space Telescope dBanerjee et al ] |2006l) . The analysis of 



2 



T. Kaminski: CO emission in the field of the hght echo 



Table 1. Positions observed in CO J =1-0 and 2-1 in Sept. 
2006. 





Aq' 


A(5 


int tiTTip 




rr C7-n 




V J 


t J 


[min] 




rmKl 
Liiijvj 


V838 Mon 








353.6 


14.1 


46.3 


Offl 


24 





66.3 


27.3 


82.1 


Off2 


-24 





55.2 


30.7 


83.4 


Off3 





24 


55.2 


33.4 


95.8 


Off4 





-24 


55.2 


30.4 


88.4 


Off^S 


48 





55.2 


41.2 


154.0 


off^e 


^8 





44.2 


42.7 


130.3 


Off7 





48 


55.3 


33.9 


106.1 


Off^S 





^8 


55.2 


33.2 


102.3 


Off^9 


72 





22.1 


46.9 


149.2 


OfflO 


-72 





33.1 


36.2 


117.3 


Off^ll 


-24 


24 


33.2 


51.4 


143.9 


Offl 2 


24 


-24 


33.1 


50.4 


165.7 



the infrared emission gives a few tens to a few hundreds of solar 
masses as an order of magnitude estimate for the mass of the gas 
associated with the emitting dust. This result is a strong argu- 
ment supporting the idea of an interstellar origin of the echoing 
matter. 

iKaminski et al.l (l2007a b) discovered emission in the '^CO 
(2-1) and (3-2) transitions at the position of V838 Mon. The 
emission was detected inside the large KOSMA-telescope beams 
with half power widths (HPBWs) of 130" and 82". The detected 
lines are very narrow and appear a t LSR velocity of 53.3 km s ^ 
The data analysis performed in iKamiriski et al.l (l2007bh sug- 
gest that the emission is extended, but on the basis of the low- 
resolution observations it was not certain. Moreover, in obser- 
vations performed in three epochs Kaminski et al. found small 
but possibly real variations in the intensity of the CO (2-1) line. 
Due to the unknown contribution to the intensity changes from 
antenna-pointing errors, the finding is also very uncertain. 

Ipeguchi et al. (2007) observed the region around V838 Mon 
in the CO (1-0) transition and detected a narrow emission line 
30" north from the star pos ition. This detection tog ether with 
the observations reported in IKaminski et al.l (l2007bl) show that 
some form of molecular matter must exist close to the direction 
of V838 Mon. Its nature has not been sufficiently established, but 
it is tempting to link the CO emitting gas with the dusty medium 
illuminated by the eruption of V838 Mon. 

In the current paper, we present follow-up observations of 
the field around V838 Mon in the CO (1-0) and (2-1) rotational 
transitions with a much better angular resolu tion than the obser- 
vations reported in IKaminski et al.l (l2007albl) . The observational 
details are provided in Sect. |2] while the data are described in 
Sect. [3] In Sect. 21 we discuss the results, in particular, we inves- 
tigate the possible origin of the CO emission found in the field 
around V838 Mon. Sect. |5] contains final conclusions and em- 
phasizes the need for future observations of the echo region in 
molecular transitions. 



2. Observations and data reduction 

We observed 13 positions within the light echo of V838 Mon, 
including the star position. They are listed in Table[T]and marked 
on the optical light echo image in Fig. [1] Each of the positions 
was observed in the two lowest rotational transitions of '^CO, 
i.e. J = I-O at 2.6 mm (115.271 GHz) and 7 = 2-1 at 1.3 mm 
(230.538 GHz). 
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Fig.l. IRAM and KOSMA beams (HPBWs) overlayed on 
the HST/ACS light echo image from 10 September 2006 ob- 
tained with the F814W filter (image downloaded via MAST, 
http://archive.stsci.edu). The two largest circles {green) mark 
the KOSMA telescope beams at 230 GHz and 345 GHz cen- 
tered at the star position and they represent the low angular res- 
olution observations in CO carried out in 2005 and 2006. The 
13 positions observed with the IRAM 30 m telescope on 27-28 
September 2006 are represented by the set of smaller circles that 
correspond to the beams at 115 GHz (21", blue) and 230 GHz 
(11", red). These points with their coordinates are listed in 
Table [Tj The beams drawn with a solid line mark those posi- 
tions where CO emission was detected, while the beams drawn 
with a dashed line mark observed positions with no detection. 
The axis show the offset scales with respect to the V838 Mon 
position, which is marked with a star symbol. 



The observations were obtained with the IRAM 30 m tele- 
scope at Pico Veleta, Spain, on 27-28 September 2006. The 
half-power beam widths of the telescope are 21'.'4 and 10 '.'7 at 
115 GHz and 230 GHz, respectively. The spatial grid of the ob- 
servations was arranged so that the distance between two neigh- 
boring positions is close to the twice the beam- width at 230 GHz, 
and the individual measurements obtained in the CO (2-1) tran- 
sition can be considered as independent. 

As frontends we used four (single pixel) heterodyne SIS re- 
ceivers (AlOO, BlOO, A230, and B230) simultaneously. The ob- 
servations were carried out in single sideband mode, with rejec- 
tion factors of the image sideband set to 22 dB and 17 dB for 
the observations at 115 GHz and 230 GHz, respectively. As a 
backend we used the spectrometric array VESPA. All the spec- 
tra were acquired with a resolution of 78. 1 kHz and with a band- 
width of 107 MHz. The frequency resolution corresponds to a 
resolution in velocity units of 0.20 km s ' at 115 GHz, and 
O.lOkms-i at 230 GHz. 

All the observations were performed using a frequency 
switching technique. The frequency switch throw was 15.6 MHz 
(i.e. frequency was switched by ±7.8 MHz), which is equivalent 
to a velocity throw of 40.7 km s"' at 1 15 GHz, and 20.3 km s"' 
at 230 GHz. Pointing and focusing were carried out on the strong 
continuum source 0528-1-134 every ~2 h. The resulting pointing 
accuracy of our observations is better than 4". 
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Fig. 2. Spectra with detected emission in '^CO J - 1-0 (blue) 
and J = 2-1 (red). The measured parameters of these emission 
lines are given in Table|2l The strong 'absorption' feature present 
in the spectra of the J = 1-0 transition at 49 km s"' is an alias of 
a mesospheric CO emission. In the J - 2-1 spectra the 'absorp- 
tion' features are aliases of the interstellar emission (they appear 
symmetrically on both sides of the emission). Since the alias of 
mesospheric emission affects the profile of interstellar CO (1-0) 
feature at the OffS position in the folded spectrogram, we show 
the unfolded spectrum for this position. 



The data were cal ibrated using a chopper wheel method 
dKutner & Ulich|[l981h giving spectra in the antenna tempera- 
ture, r^, i.e. corrected for atmospheric attenuation, ohmic losses, 
rearward spillover and scattering. The calibration at the IRAM 
30 m is known to be very accurate and should be better than 10% 
for observations at 1 15 GHz. 

The wavy baselines typical for frequency switching obser- 
vations were reduced by subtracting sinusoidal functions; in a 
few cases subtraction of high order polynomials was necessary. 
All bad channels were removed, spectra from two receivers with 
orthogonal polarizations were coadded, and the resulting spec- 
tra were folded using the standard shift-and-add method. Finally, 
the observations were converted to the main beam temperature, 
Tmb, using forward and main beam efficiencies (Fgg and Beff re- 
spectively) of 0.95 and 0.74 at 115 GHz, and of 0.91 and 0.52 
at 230 GHz. All the data reduction and analysis was performed 
using the GILDA^ software package. 

Although in this paper the T^b scale is used, one can easily 
convert this intensity scale to ordinary flux density units using 
the conversion factor Sv/T„^\, of 4.91 Jy K"' for both the data 
sets obtained at 1 15 GHz and 230 GHz. All the velocities in this 
paper are given with respect to the local standard of rest (LSR). 

Total integration times (a sum of the integration times from 
two orthogonally polarized receivers) and noise levels of the 
folded spectra are given in Table [T] The noise levels are given 
as a standard deviation (cTims, in the main beam temperature) of 
a Unear fit to the folded spectrum excluding all emission features 
and their aliases. 



3. Results 

Emission in the CO (1-0) transition was detected at 6 positions: 
Ofr2, Off3, Ofr4, Ofr7, OffS, and at the V838 Mon position; at 
three of those positions, namely at Off3, OffV, and Off8, also CO 
(2-1) emission is clearly present. The beams with a positive de- 
tection are shown with a solid line on Fig. [1] The spectra with 
the detections are shown on Fig.|2]and all the emission lines are 
characterized in Table |2] in terms of their central velocities, full 
widths at half maximum, intensities of the peak, and integrated 
intensities. The values given in Table |2] are results of a single 
Gaussians fit to the line profiles. All the reduced spectra are dis- 
played in Figs. lA. l] and lA.2l in the online AppendixlAl 

The spectra displayed in Fig. |2] require a technical com- 
ment. Since frequency switching was employed as the observ- 
ing method, the telluric (mesos pheric) emission o f CO was not 
removed from the spectra (see iThum et alJ[T995L for more de- 
tailes about telluric CO emission in frequency switching ob- 
servations). The telluric emission appears at the LSR veloc- 
ity of the mesosphere in the time of the observations, which 
in our case was typically ~8.8 km s"'. After folding proce- 
dure the telluric CO affects the spectra by the emission and its 
two aliases, i.e. absorption-like features shifted by ±7.8 MHz 
with respect to the emission feature. Unfortunately, at the Off8 
(0, -48) position celestial emission appears at (unexpected) ve- 
locity of 48.45 km s"', which closely coincides with the posi- 
tion of the absorption alias of the CO (1-0) telluric emission 
at 49.34 km s"'. Luckily, the emission line at 48.45 km s"' is 
not affected by the mesosphecic alias on the spectrum before the 
folding procedure. Therefore on Fig.|2]we present the spectrum 
before folding and all the measurements given in Table |2] for the 
CO (1-0) line at 48.45 km s ' were performed on the unfolded 
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Table 2. Parameters obtained from single Gaussians fitted to the spectra. 
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spectrum, which has however a poorer noise characteristics than 
the unfolded one by a factor of V2. 

In the following, we consider the detected CO (1-0) emis- 
sion in two groups, namely weak (Tmb < 0.15 K at the peak) 
and strong features (with peak much greater than 0.15 K). 
Weak emission is found at Off2, Off4, and at the star position. 
The emission at all of these positions appears at a velocity of 
~53.3 km s~' and does not have any detectable counterpart in 
the corresponding CO (2-1) spectra. Emission in CO (2-1) is 
not seen, most probably due to higher noise in the 230 GHz data. 

The strong emission of CO (1-0) is found at the three po- 
sitions along the north-south direction: Off3, Off7, and OffS. 
Especially prominent is the emission at Off3 and Off?. The lines 
both appear at radial velocity of ~53.2 km s"'. The emission 
found at the OffS position, as has already been noted, appears at 
the unexpected radial velocity 48.45 km s"' . All the three strong 
CO (1-0) features have counterparts in the (2-1) spectra. Ratios 
of those lines are discussed in Sect. 14.21 

As can be seen in Table |2] all the detected lines are very nar- 
row. The weakest CO (1-0) features appear somewhat broader 
than the strong lines. Note that the feature found at the star po- 
sition, where the integration time was much longer than at Off2 
and Off4, is only slightly broader that the strong lines, hence one 
can state that the broadening of the weak features is an effect of 
a lower signal to noise ratio of the spectra. In general, the pro- 
files of the detected lines are very well described by a Gaussian 
shape, except the most prominent line in our data, i.e. the CO 
(2-1) feature at OffV, which has a slightly asymmetric peak. 

4. Discussion 

The IRAM observations reported here confirm the suggestion 
made in Kaminski et al. (2007b) that the CO emission discov- 
ered in the direction of V838 Mon in the low angular resolution 
KOSMA data, is extended and not directly related to the object 
that erupted in 2002. Indeed, the measurements indicate that the 
CO emission has a very complex spatial distribution and is not 
only limited to the position of V838 Mon. In the following dis- 
cussion we put some constraints on the origin of the molecular 
emission. In particular, we investigate the possibility of a phys- 
ical connection of the CO emitting matter with the dusty envi- 
ronment revealed by the light echo. 

4. 1 . Origin of fhe emission: circumsteliar vs. interstellar 

The strongest argument against circumsteliar origin of the CO- 
bearing gas is the narrowness of the emission lines. If the ex- 
tended molecular region originates as a result of a stellar mass 



loss before 2002, it would produce emission features certainly 
broader and more co mplex than t he ones we see in the two 
CO transitions (e.g. [Tevssier et all 120 06). Similarly, the emis- 
sion found at the star position cannot be identified with the 
matter lost during and after the 2002 eruption. Indeed, numer- 
ous P-Cygni profiles observed during the outburst revealed mat- 
ter expelled with velocities of several hundred km s ' (e.g. 
Kipper et alJ 12004) and the continuous outflow observed in 
V838 Mon since the outburst ha s a terminal velocity of about 
150 km s~^ jMunari et al.ll2007bl) . If any of this lost matter radi- 
ates in the CO rotational transitions, the emission should appear 
as a very broad feature with FWHM^ 150 km s"'. 

The narrowness of the detected CO lines indicates that the 
molecular emission a rises in an interstel l ar me dium. According 
to the classification in Ivan Dishoek et a and on the basis 

of line-width measurements (Table|2]i we can classify the molec- 
ular regions we s ee in the CO einissiori as diffuse clouds. In light 
of the finding of lAf^ar & Bondl (|2007|) . namely that V838 Mon 
is a member of a B-stars association, the narrow CO emission 
can be attributed to an interstellar medium within the cluster. It 
may be the matter remaining after the dissipation of most of the 
parent molecular material from which the cluster had formed, 
much like the matter seen in the Pleiades cluster. We cannot rule 
out, however, the possibility that we see foreground and/or back- 
ground clouds with respect to the location of the cluster or the 
star itself. The radial location of the clouds is discussed in more 
detail in Sect. 1431 

Using the well known Xco-factor method we can est imate 
the mass of molecular matter inside the cloud. As found in lLiszll 
(2007), the method gives satisfactory results even for very dif- 
fuse clouds, i.e. those with very small column densities of CO. 
The mass of molecular hydrogen can be expressed as: 

Mh = Xco^d^rnHJco, (1) 

where Xco is the conversion factor for the column density of H2 
to integrated intensity of the CO (1-0) emission, Q is the solid 
angle of the emitting region, d is the distance to the cloud, and 
Ico - J TmhdV is the main beam integrated intensity. Here we 
take Xco-2.8 (in units of 10^" cm"^ K"' km"' s. lBIoemen et al.l 
1986) although values as high as 6 can be found i n literat ure for 
clouds in the outer Galaxy (e.g. iKamihski et al.l (l2007bl) found 
Xco=5.4 for the dark clouds identified in the vicinity of V838 
Mon). We can rewrite Eq. ([T]) as: 

Mh = 0.4Q£/2/co M©, (2) 

where Q. is expressed in arcmin^, d in kpc, and Iqo in K km s ' . 
The solid angle of a single beam at 115 GHz is approximately 
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0.144 arcmin^. We are interested in the total mass of the molec- 
ular matter radiating in CO (1-0) in the six positions. With the 
sum of all the integrated intensities of ~13.1 K km s~' (see 
Table |2| and the distance to the star of 6.1 kpc ( Sparks et al.l 
12001) we get a total mass of about 28 M0. The CO emission 
can be more extended than it appears in our spatially limited 
measurements, so the total mass of molecular matter is probably 
even higher. Moreover, the above value does not account for a 
mass of atomic gas, which can contribute considerably to the to- 
tal mass of a diffuse cloud. This rough estimate shows, however, 
that the mass of the sampled regions is already quite high and 
cannot be interpreted as matter expelled by the star. 

4.2. Spatial complexity of tlie molecular gas 

The CO (2-1) emission found in our data exhibit various in- 
tensities with respect to the strength of the corresponding CO 
(1-0) emission detected at the same position. The ratios of the 
integrated intensities of the CO (1- 0) to (2-1) lines, Kioai, are 
2.22, 0.69, and 1.31 for the positions OffS, Off7, and OffS, re- 
spectively. For a homogenous distribution of interstellar gas one 
would expect the CO (1-0) line to be stronger, since it was ob- 
served with the larger beam. The wide variety in the values of 
^10:21 in our data can be interpreted as a result of a highly com- 
plex distribution of the emitting gas. In other words, that can 
be an effect of different beam filling factors for observations at 
115 GHz and 230 GHz. Sharp inhomogeneities must then occur 
on the plane of the sky at angular scales at least comparable to 
our beam-size at 230 GHz, i.e. at ranges of order 10". This cor- 
responds to spatial scales of ~0.3 pc at a distance of 6 kpc. Such 
a small scale structure is commonly observed in CO maps of dif- 
fuse molecular clouds (see Sect. 14.1b . Alternatively, the variety 
of '??io:2i values can be explained by somewhat unusual popula- 
tion of CO levels in the molecular medium, but this seems to be 
unlikely. 

4.3. The two velocity components 

The kinematical characteristics of the CO emission (see Table|2|l 
indicates that the strong emission found in OfF3 and Off7, to- 
gether with the weak emission appearing in Off2, Off4, and in 
the star position, are all physically related. The emission fea- 
tures found at these positions appear at nearly the same velocity 
of 53.3+0.1 km s"' (Ic). Moreover, the emission sampled in 
the CO (1-0) data, is spatially continuous and forms one region 
elongated in the north-south direction. Thus, the emission lines 
can be interpreted as emerging from the same diffuse cloud. The 
central velocity of this molecular region is very close to the ve- 
locity of the SiO mase r emission observed from the direction of 
V838 Mon (54km s ', iDeguchi et al.l2005l) . which is often con- 
sidered as the radial velocity of the star itself. If so, the emitting 
molecular matter seen in our data should reside very close to the 
star (see also Sect. 14.4b . 

The emission detected in the OffS position is the only one 
centered at 48.5 km s"'. None of the spectra contains an emis- 
sion component at intermediate velocities between 48.5 km s"' 
and 53 km s ', hence there is no transition zone between those 
two kinematic regions in the area of our measurements. This fur- 
ther indicates that the portions of gas emitting at the two dis- 
tinct velocities are not physically connected and they form sepa- 
rate molecular complexes. Assuming standard rotation law of the 
Galaxy in the direction of V838 Mon, the gas at lower radial ve- 
locity should reside ~ 1 kpc closer to the observer. The emission 



that appears at 48.5 km s ' may be considered as emerging from 
a foreground molecular cloud with respect to the SiO maser, if 
one trusts in the kinematical distances. 



4.4. Association with the light echo material? 

The CO emission is located in the field of the light echo. The 
question that naturally arises is whether the molecular emission 
is physically connected with the light echo material. The issue 
is worthwhile to consider, especially in the context of discussion 
about the origin of the echoing dust (see Sect.[T]). 

To answer to the above question the relative location of the 
dust and the radiating molecules along the line of sight must be 
known. The distance to the echo material has been established by 
a geometric analysis of the echo evolution. As can be found in 
Bond (2007, see Fig. 3 therein), the reflecting regions seen in the 
echo should be located within several pc fr om the star, so thei r 
heliocentric distance should be about 6 kpc dSparks et al.ll2007l) . 
The distance to the CO-bearing gas can be only poorly con- 
strained. Kinematical distance to the component at 53 km s"', 
well correlated spatially with the echo on the plane of the sky, 
is ~1 kpc, but due to streaming motions the real distance can be 
~ 1 kpc higher or lower. Thus, the association of the molecular 
gas with the dust cannot be ruled out. 

The current understanding of V838 Mon seems to favor sce- 
narios where the star is considered as a very young object. If so, 
it should exhibit systemic velocity very close to the velocity of 
the local interstellar medium. If the star has the same velocity as 
the SiO maser, then the local interstellar medium, including the 
light echo material, would have a velocity of 54 km s"'. As al- 
ready noted in the preceding section, this value agrees very well 
with the velocity of most of the CO emission. It suggests that the 
dust and molecular gas are located in the same cloud. However, 
this suggestion should be treaded cautiously, since, in the case of 
V838 Mon, the maser can have different nature than in other SiO 
stellar sources (Deguchi et al. 2007), and consequently its radial 
velocity can be different than the real velocity of the star 

Furthermore, in the case of common origin of the dust and 
CO-bearing gas, one might expect that there is some overall cor- 
relation between the dust and CO distribution. Our data have 
still too low angular resolution and too poor coverage of the 
field to look for any meaningful correlations in the both distribu- 
tions, but some general remarks can be made. As can be seen in 
Fig.[ri the CO emitting region extends basically along the north- 
south direction, similarly to the most prominent reflections seen 
in the light echo in the epoch close to the radio observations. 
The optical echo is however more extended in the east-west di- 
rection. One should remember that the echo on a single epoch 
ima ge shows only a thin part of the whole dusty environment 
(e.g jTvlendal2004 . while the CO emission probes the total col- 
umn density of the cloud along the line of sight. More appropri- 
ate would be, though, to compare the map of molecular emission 
with the optical pictures summed over the time of the observable 
evolution of the echo. 

In summary, the current data do not allow us to conclusively 
verify whether the CO emission is associated with the light echo 
material, but they make such a possibility very probable. To ver- 
ify the idea further, a direct measurement of the radial velocity 
of the echoing gas or more reliable constraints on the systemic 
velocity of V838 Mon are needed. A CO map with a good sam- 
pling and covering a region larger than the size of the light echo 
would be very helpful as well. 
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5. Concluding remarks 

We present observations towards 13 positions in the field of the 
light echo of V838 Mon in the CO (1-0) and (2-1) transitions. 
The measurements reveal an extended molecular region around 
the star at two distinct radial velocities. The CO emitting region 
is elongated in the north-south direction and exhibits a very com- 
plex distribution on the plane of the sky. We identify the CO lines 
as emerging from diffuse interstellar clouds. No molecular emis- 
sion that can be associated with the star itself was detected. 

The possible association of the molecular emission with the 
light echo material has been investigated. Although the CO emis- 
sion appears in the field of the light echo, its detailed spatial 
distribution correlates only weakly with the light echo image. 
On the other hand, the velocity of the CO emission agrees very 
well with the velocity of the SiO maser discovered from the di- 
rection of V838 Mon, making the collocation of the dust and 
CO-bearing gas probable. 

To more deeply investigate the origin of the molecular emis- 
sion in the field of the echo, more extended map of the region in 
different molecular transitions is needed. A fully sampled map 
of the echoing region would be helpful to draw more conclusive 
statements about the suggested connection with the light echo 
material. 
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Fig. A.l. The folded spectra in '^CO 7=1-0 for all the observed 13 positions. The 'absoprtion' feature at ~49 km s ' is an alias 
of the telluric CO emission. The spectra with positve detections are plotted with color lines. 
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Fig. A.2. The folded spectra in '^CO 7 = 2-1 for all the observed 13 positions. The spectra with positive detection are plotted 
with color lines. 



